Linkage analysis was carried out on 20 unselected UK families segregating for adenomatous polyposis coil (APC) using four closely linked DNA probes. Significant lod scores were obtained between APC and three markers: x227 (D5S37) 0=016; Cllpli (D5S71) 
developed about a thousand adenomatous polyps in the colon and rectum; one or more of these will inevitably progress to malignancy unless prophylac-. tic colectomy is carried out.' Extracolonic lesions include upper gastrointestinal tract adenomas, osteomas, sebaceous cysts, desmoid tumours, and, the important phenotypic marker, congenital hyper-. trophy of the retinal pigment epithelium (CHRPE).' Colonic polyposis with the addition of the extracolonic lesions was formerly considered to constitute a distinct syndrome first described by Gardner.3 The gene for APC has been mapped to chromosome 5, region q21-22, by close linkage to an anonymous DNA marker, Cllp 11 (D5S71).45 Linkage to the more informative probe, %227 (DSS37) was subsequently reported6 and additional closely linked markers have since been isolated, the most important of which are ECB27 (DSS98),7 YN5 .48 (D5S81), 8 Purified DNA (5 to 10 gg) was digested with the appropriate restriction endonuclease (TaqI for the probe Cllpll, BstXI, BclI, PstI, and MboI for n227, BglII for ECB27, and MspI for YN5.48), fractionated in 0-6 to 15% agarose gel, and transferred to Gene Screen Plus nylon filters (Dupont) as recommended by the manufacturers. Before prehybridisation the DNA was cross linked to the membrane by exposing it to 254 nm UV light for three minutes. Prehybridisation was carried out in 0-5% SDS, 10% dextran sulphate, and 0 8 mol/l NaCl for 15 minutes to several hours at 65°C. Probes were radiolabelled with a-32P-dCTP (3000 Ci mmol-') by the random hexanucleotide primer method'5 to a high specific activity, and hybridised to the filter at 65°C overnight in the presence of 10 gg ml-salmon sperm DNA. Filters were washed to a stringency of 2 x SSC, 1% SDS and autoradiographed at -70°C using Fuji RX-L x ray film.
Linkage analysis was carried out using the LINKAGE group of programs, 6 within the easier to use computer program LINKSYS. '7 In family groups where recombination was apparent, paternity was checked with the use of at least three hypervariable DNA probes.'8 Subjects for whom non-paternity was shown were excluded from the analysis.
Results
Twenty families segregating for the APC gene, comprising 180 typed subjects with 91 meioses, were screened for all the polymorphisms. Allele frequencies were determined in the unaffected spouses and are shown in table 1.
The results of the linkage analysis of APC to each of the four DNA markers, and of these to each other, are summarised in table 2. The peak lod score (Zmax) and associated recombination fraction (0), indicating the maximum likelihood of marker locations with respect to each other, was calculated using 1. In all families studied the APC gene has shown linkage with at least one of the probes used. This is in agreement with all published reports that so far there is no evidence for genetic heterogeneity with respect to linkage with markers on chromosome 5. Lod scores are now sufficiently high to allow the use of these probes in presymptomatic diagnosis.
With regard to practicalities, it is also worth noting that despite the fact that 61 % of the subjects at risk were informative for at least one DNA marker, only 11 out of 72 (15%) at risk subjects were in fact informative with flanking probes. This means that in most cases presymptomatic diagnosis can only be given with 90% probability at present, based on DNA typing alone. 
